High resolution electrophoretic analyses of the polymorphic esterase 6 enzyme have been carried out on 133 isoallelic lines from three Australian populations of Drosophila melanogaster spanning 25° of latitude. These and previous data for 157 lines from another Australian population at an intermediate latitude reveal a total of 14 polymorphic esterase 6 allozymes, falling into five major mobility classes. Two classes, EST6-F and EST6-S, contain eleven of the allozymes but one allozyme, EST6-8 within the EST6-S class, is several times more common than any other. Variation in the frequency of this single allozyme can explain most of the latitudinal dines previously reported for the major EST6-F and EST6-S classes. Thermostability analyses of 52 of the Australian lines and 13 American lines reveal at least seven more EST6 variants within five of the allozymes, bringing the total number of variants to at least 21. Of the six allozymes for which more than one line was subjected to thermostability analyses, only EST6-8 could not be partitioned into additional variants. This corroborates a previous finding that two different isolates of the Est6-8 allele have identical DNA sequences and suggests that this allele, although now the most common, has nevertheless arisen relatively recently.
INTRODUCTION
The finding of highly non-random patterns in the geographic distribution of gene frequencies has made the esterase 6 polymorphism of Drosophila melanogaster an important model for analysing the adaptive significance of electrophoretic variation. Esterase 6 is polymorphic for two major electrophoretic variants, EST6-F and EST6-S, and largescale latitudinal dines in their relative frequencies suggest that the two variants differ under natural selection (Oakeshott et at., 1981) . This is supported by the finding of similar EST6-F and EST6-S variants showing similar latitudinal dines in the sibling species D. simulans (Anderson and Oakeshott, 1984) .
However the interpretation of the dines is complicated by the finding of additional structural variation segregating within EST6-F and EST6-S. Cochrane and Richmond (1979) within EST6-F and three within EST6-S in D.
melanogaster. Subsequently, Cooke et a!. (1987) used high resolution cellulose acetate electro.
phoresis to detect a total of ten EST6 allozymes in this species. These allozymes fall into five major classes, EST6-U, EST6-VF, EST6-F', EST6-F and EST6-S, separated by relatively large electrophoretic mobility differences. The first three classes are uncommon and each contains only a single allozyme but the common EST6-F and EST6-S classes contain three and four minor mobility variants respectively. (Note that the terms "major"
and "minor" are used throughout this paper to distinguish electrophoretic variants on the basis of large versus small differences in relative mobility; they do not refer to differences in their and Oakeshott (1988) . Replicate 30 ,l aliquots of each homogenate were heat-treated at 54°C for 35 minutes and then immediately placed on ice. EST6 activity was determined for these treated aliquots as well as for replicate 10 l untreated aliquots of the same homogenates.
EST6 activity was measured by the end-point spectrophotometric assay of Sheehan et a!. (1979) as modified by Game and Oakeshott (1989) , except that the assay volume was scaled down to 210 iA and the reactions were carried out in microtitre plates and read in a Titertek® Multiskan Elisa plate reader. The thermostability of EST6 in each homogenate was expressed as the angular transform of the ratio of the mean activity of the two replicate treated 30 l aliquots to three times the mean activity of the two replicate untreated 10 pA aliquots. Table 1 shows the relative mobilities and frequencis of the 14 EST6 allozymes identified among the Darwin, Townsville and Melbourne lines and the original Coils Harbour sample of Cooke et a!. (1987) . Four of the allozymes had not been recorded in the Coils Harbour sample and of these, two (EST6-4.5 and EST6-55, with relative mobilities of 1065 and 105, respectively) are minor mobility variants within the major EST6-F class and the other two (EST6-10 and EST6-l1, relative mobilities 0•98 and 0.97) are minor variants within the major EST6-S class. This brings the total numbers of minor EST6-F and EST6-S variants to six and five respectively.
RLTS
Two of the five minor EST6-F variants, EST6-3 and EST6-45, are uncommon or absent in all four samples. The frequencies of the other three vary substantially among populations and range from 0 to 25 per cent for EST6-4, from 0 to 42 per cent for EST6-5 and from 0 to 21 per cent for EST6-55. Each of these three allozymes is the most common EST6-F variant in at least one population.
In contrast only one of the six EST6-S variants exceeds a frequency of 20 per cent in any sample. This allozyme, EST6-8, is the most common EST6-S variant in all four populations (35-66 per cent) and, on average, its frequency is at least ten times that of any of the other EST6-S allozymes. Although the four populations sampled cover a 25° latitudinal range, the small sizes of the samples from the latitudinal extremes (Darwin, 40 lines and Melbourne, 33 lines) make it difficult to assess clinal trends. Nevertheless the data are consistent with the dines for the major EST6-F and EST6-S classes reported by Oakeshott et al. (1981) and Anderson and Oakeshott (1984 Game and Oakeshott (1988) revealed highly significant activity differences among lines. The lack of significance of these differences in the present study may in part reflect the smaller number of lines sampled (fewer than half the replicates). fig. 1 ) is not statistically significant in this study.
There is highly significant variation in thermostability among the 52 Australian lines (F(51 177) = 400, P<0.001) and much of this variation is among lines within minor mobility variants. Thus, there is significant heterogeneity among lines within five of the six minor variants for which more than one line was assayed. The five showing such heterogeneity are EST6-2, EST6-4, EST6-5, EST6-55 and EST6-9 (table 2). The one allozyme not showing heterogeneity among line is EST6-8 shows that EST6-8 corresponds to the thermostability variant EST6-S2 of Cochrane and Richmond (1979) . This is consistent with the observations that EST6-S2 was the most common thermostability variant in the four American populations scored by Cochrane and Richmond (1979) , while EST6-8 is the most common allozyme in the four Australian populations. Most of the heterogeneity among lines within the EST6-2, EST6-4, EST6-5, EST6-55 and EST6- (1987) show that the total number of EST6 variants is even higher. They carried out high resolution electrophoretic analysis on 13 isoallelic lines surviving from the thermostability study of Cochrane and Richmond (1979) . (Four of these lines are the controls in the present work.) Only three of these lines bore EST6-S thermostability variants, with one bearing EST6-S1 electrophoresing as EST6-9 and the other two, bearing Richmond 1979, Cooke et al. 1987) , and it is likely that the additional variation now identified also does so. There are probably many more Est6 alleles still undescribed, since only six of the 14 allozymes were scored for thermostability in more than one ; table 1 and Cochrane . However, the other EST6-F and EST6-S variants are each uncommon and even the three most frequent EST6-F allozymes can each be subdivided into two or three thermostability variants. The polymorphism therefore comprises a single common allele and many relatively uncommon variants.
As the only common variant, EST6-8 makes a large contribution to the latitudinal dines for the major EST6-F and EST6-S mobility classes. It shows a monotonic rise in frequency from 35 to 66 per cent over the four Australian populations and 250 of latitude sampled. However EST6-8 may not be the only minor mobility variant which contributes to the dines for the major EST6-F and EST6-S allozyme classes. The power of these analyses to detect latitudinal trends for less common variants is limited by the small numbers of populations and lines scored. Two of the minor variants within the EST6-F class, namely and EST6-5, do show north/south differences which are at least consistent with the overall EST6-F dine. However, even the interpretation of these differences is complicated by the fact that both the EST6-4 and EST6-5 alloaymes each comprise at least three thermostability variants.
While it is thus not clear whether EST6-4 and EST6-5 contribute to the dines for the major EST6-F and EST6-5 classes, it is clear that some of the other variants do not. In particular, EST6-F variant EST6-55 is only common (21±7 per cent) in the most southerly population (Melbourne), whereas in the overall latitudinal dine EST6-F is less common at higher latitudes. Hence the latitudinal selection generating the major EST6-F and EST6-S dines does not operate uniformly on all minor variants within the two major allozyme classes.
Such heterogeneity among the minor variants may also contribute to some discrepancies between previous studies on biochemical and fitness differences between EST6-F and EST6-S genotypes. For example, Danford and Beardmore (1980) found that purified EST6-S enzyme was more thermostable than purified EST6-F, whereas White et a!. (1988) reported the opposite. Similar discrepancies exist among studies which compare the effects of high temperatures on the fitnesses of Est6-F and Est6-S genotypes (e.g., Aslund and Rasmuson 1967, Minawa and Birley 1978, Oake-. shott 1979, Abedin et a!. 1980) . Perhaps the different studies utilised different minor mobility and thermostability variants, at least within the major EST6-F class. which cannot yet be partitioned into additional variants by thermostability criteria. This is consistent with the findings of Cooke and Oakeshott (1988) that two alleles encoding EST6-8 isolated from populations on different continents have identical DNA sequences, whereas separate isolates of the alleles encoding the EST6-4 and EST6-9 allozymes differ at 13 and six sites respectively (including three each which cause amino acid replacements). Our results thus support their conclusion that the Est6-8 allele has arisen relatively recently and our finding that this allele is now about ten times more common than any other variant further suggests a recent rapid rise in its frequency.
It is relevant in this context that EST6-8 frequency is higher at higher latitudes in Australia. If the same is true elsewhere (which seems likely given the similar directions of the overall EST6-S dines across continents), then the latitudinal dines probably do not simply represent a transient stage in the spread of EST6-8 away from an equatorial origin. It follows that the selective process underlying its spatial distribution is not the same as the process which has led to its recent increase in frequency. The latter process may be a selective one or may be random drift.
